Objective: To estimate the excess deaths associated with weight loss in combination with leisure time physical activity among overweight or obese people. Design: Prospective cohort study.
Introduction
The prevalence of overweight and obesity is increasing markedly worldwide, [1] [2] [3] and the increased morbidity and mortality associated with increased body weight has long been recognized. In the United Kingdom, several other European countries and the United States, the proportion of subjects who are overweight or obese exceeds the proportion of normal-weight subjects, and many are trying to lose weight. [1] [2] [3] [4] Although weight loss is generally associated with improvement in metabolic and cardiovascular risk factor levels, [5] [6] [7] weight loss has also been associated with increased all-cause and cardiovascular mortality in observational studies. [8] [9] [10] [11] [12] [13] [14] [15] However, the results are not consistent. 16, 17 Variations in occurrence of pre-existing disease, sub-clinical disease, smoking, changes in body composition or fat distribution have been suggested to explain, in part, the elevated risk among those who lose weight. 10, 11, 18, 19 Although studies have shown that even after careful confounder control and exclusion of subjects with preexisting disease, weight loss still seems an independent risk factor for premature death. 11, 15 Some of the variation in the health risk associated with weight loss may be explained by the balance between loss of lean body mass and fat mass and the type of fat mass lost. 19 Some studies have shown that exercise-induced weight loss may result in a lower and more favourable ratio of fat to lean body mass than diet-induced weight loss, as muscle mass is kept or even elevated. [20] [21] [22] Furthermore, a few studies have shown a preferential loss of unhealthy visceral fat after physical activity, but the results are inconsistent. [23] [24] [25] [26] [27] Several large population studies have shown that people who remained active or increased their level of physical activity were less likely to die from cardiovascular disease and from all causes. [28] [29] [30] [31] However, the association between weight loss and mortality may well be different according to the level of physical activity or change in physical activity and has been only briefly addressed in other studies. 15 Therefore, the aim of this study was to estimate the mortality associated with weight loss in combination with leisure time physical activity among overweight or obese people.
Subjects and methods

Study population and follow-up
An age-stratified sample of 19 329 men and women from Copenhagen was randomly drawn from the Danish Civil Registration System in 1976 and invited to participate in the Copenhagen City Heart Study. They were selected among approximately 90 000 eligible inhabitants aged X20 years in 1976-1978, and they were re-invited in [1981] [1982] [1983] . At the first examination, 14 223 subjects participated (74%) and, of these, 11 135 participated in the second examination in [1981] [1982] [1983] . The participants were invited to the Copenhagen University Hospital and were asked to complete a selfadministered questionnaire regarding various health-related issues, including questions about leisure time physical activity. A physical examination was performed in which weight and height was measured. The staff checked the responses to the questionnaires during the examination with regard to potential non-response or inconsistent responses. The Danish ethics committee for the city of Copenhagen and Frederiksberg approved the study (no. 100.2039/91). A detailed description of the Copenhagen City Heart Study has been published. 32 Of the 11 135 people participating in both the first and second examinations, 5135 were overweight or obese defined as a body mass index (BMI ¼ weightheight ) of at least 25. Of these, 1320 participants who gained weight from 1976-1978 to 1981-1983 were excluded. In addition, we excluded 497 participants with a previously diagnosed ischaemic heart disease, stroke, diabetes or cancer, and additionally 240 participants were excluded because of incomplete information on the exposure variables, leaving 3078 overweight or obese participants: 1692 men and 1386 women (see Figure 1 ).
Using the unique person identification number in the Danish Civil Registration System, the participants were followed up from the date of entry into the study, until date of death, loss to follow-up, emigration or until 11 August 2007, whichever came first. 33 These identification numbers encode date of birth, sex and a record linkage with complete hospital discharge history for each individual. As a result of emigration or disappearance, 6 (o0.2%) people were lost to follow-up before 11 August 2007. 
Weight loss
Statistical methods
We calculated hazard ratios (HRs) with 95% confidence intervals for all-cause mortality using Cox's proportional hazards regression model with time since the second examination in 1981-1983 as the underlying time variable. The analyses were sex specific and repeated with adjustment for all the potential confounders. To address the problem of reverse causality, we excluded diabetics and individuals with diagnosed cancer or ischaemic heart disease in 1981-1983 and we did further analyses, in which cases that occurred during the first 5 years of follow-up were excluded. In the analyses of the combined influence of weight loss and physical activity, we used different reference groups to test interesting comparisons, but we attempted to use the group with most events as reference in the different analyses. We used a joint reference group to ensure that the HRs for the different categories of change in level of physical activity combined with weight loss were estimated with reference to a common baseline risk. To assess whether change in physical activity modified the association between weight loss and mortality, we performed a Wald test between the groups of interest. As those who were physically inactive might be physically active at work, we did additional analyses with further adjustment for activity at work.
For every Cox model, the proportional hazard assumption was controlled with a test of the proportional hazards assumption based on Schöenfeld residuals; separately for each covariate. Because of violation of the proportional hazard assumption in the WL group when compared with WS group, an extended Cox's regression modelling the timevarying covariates continuously was used to estimate the combined effects of weight loss and change in leisure time physical activity on all-cause mortality. Thus, some estimates were time dependent and the HRs presented for the WL group throughout the paper were those just after the second examination in 1981-1983, but the HRs at 10 year after the weight loss are also shown. All analyses were performed using STATA version 9 (StataCorp LP, College Station, TX, USA).
Results
In 1976-1978, 2231 men (55%) and 1934 women (38%) were overweight or obese, and of these, 527 men (24%) and 580 women (30%) lost weight from 1976-1978 to 1981-1983 . Within sex, those who remained weight stable tended to be younger, less frequently smokers and had a lower initial BMI than subjects who lost weight (Table 1) . Of those who lost weight, 36 men (7%) and 46 women (8%) stated they were physically inactive in both 1976-1978 and 1981-1983 . PAPA tended to cohabit more, be better educated and smoked less than PIPI, regardless of sex. Of the initial overweight or obese participants who either lost weight or remained weight stable, 1182 men (70%) and 878 women (63%) died during a total of 53 976 person-years of follow-up.
Weight loss and physical activity
Weight loss was associated with excess mortality compared with those who remained weight stable (Table 3 ). Further, PIPI or PAPI was associated with significantly higher mortality than PAPA, and PIPA men had higher mortality than PAPA men (Table 2) . Weight loss was associated with no excess mortality among initially physically inactive (PIxx) compared with weight loss among initially physically active (PAxx) people (men: HR 1.03, 95% confidence interval 0.80-1.31; women: 1.14, 0.66-1.97). Furthermore, weight loss accompanied by attained physical inactivity (xxPI) was more hazardous than weight loss in attained physically active (xxPA) people (men: 2.00, 1.27-3.16; women: 1.69, 1.01-2.82).
Weight loss was associated with a higher mortality among PAPI than PAPA (men: 2.25, 1.31-3.84; women: 1.43, 1.07-1.91). In addition, among PIPI men, weight loss seemed associated with excess mortality compared with weight loss among PIPA men, but this was more uncertain among women (men: 2.00, 0.94-4.29; women: 1.40, 0.82-2.39). However, PIPI men who lost weight tended to have lower mortality than physically active men who failed to maintain physical activity (PAPI) and lost weight (0.66, 0.41-1.08). The opposite tendency was observed among women (1.59, 0.72-3.49), but none of these findings were significant.
Weight loss, physical activity and mortality JN +stergaard et al P ¼ 0.01; women: P ¼ 0.87), and there might be a modifying tendency among initially physically inactive men and women (men: P ¼ 0.26; women: P ¼ 0.23; Table 5 ).
Time dependency
The HRs among those who lost weight when compared with those who were weight stable were time dependent, and the HRs for all-cause mortality in this group attenuated with time, but for the initially physically active the overall pattern was essentially similar 10 years after the second examination in 1981-1983 (Table 5) , whereas the excess mortality associated with weight loss among the initially physically inactive was completely attenuated (Table 5) . Weight loss, physical activity and mortality JN +stergaard et al
Discussion
In agreement with numerous other studies, 10, 11, 15, 35, 36 our study showed that weight loss among overweight or obese men and women was associated with excess mortality. Weight loss among subjects remaining or becoming inactive (PAPI or PIPI) seemed more hazardous than weight loss among subjects who remained or became active (PAPA or The hazard ratio 10 years after the second examinationin 1981-1983. The reference group consists of those who remained physically active and weight stable. Copenhagen City Heart Study (1976-1978 and 1981-1983) . Weight loss, physical activity and mortality JN +stergaard et al PIPA) (Table 4) . Weight loss is a combination of loss of lean body mass and loss of different types of fat mass. Population studies have shown inverse associations between loss of fat mass and mortality, and loss of lean mass has been shown to increase mortality. 37, 38 Our results suggested less hazardous effects of weight loss for the active. This may be attributed to a lower loss of lean tissue through the weight loss, as well as the beneficial effects of physical activity on the circulatory system, or to a healthier balance between the loss of harmful abdominal and ectopic fat mass, and the loss of beneficial peripheral subcutaneous fat. Benefits to the circulatory system include influences on the lipoprotein metabolism, inflammatory markers, endothelial function and insulin resistance.
39-46
Is physical activity important among those who lose weight? Our study showed that leisure time physical activity had protective effect on all-cause mortality, which is in line with numerous other studies. [47] [48] [49] [50] In addition, changes in physical activity seemed to modify the effect of weight loss on all-cause mortality among initially physically active men. One recent study found a modifying effect of physical activity on the association between body composition and mortality among men, by lowering the mortality associated with a high fat mass or a low fat-free mass among physically active, but not inactive men.
51
A Finnish study of weight loss among otherwise healthy moderately overweight men and women found that mortality was dependent on the method of weight loss. Indeed, among those whose weight loss resulted from dieting only, mortality was higher than among those who maintained stable weight. Mortality was also increased when weight loss resulted from exercise but not to the extent observed when dieting. 15 In our study, the PAPI-WL and PIPI-WL had higher mortality than PAPA-WL and PIPA-WL, respectively. It may be assumed that weight loss among subjects remaining or becoming inactive (PAPI or PIPI) was a result of dieting, whereas those who remained or became active (PIPA or PAPA) used exercise and potentially also diet to lose weight, making our results in agreement with those from the Finnish study. Among those who lost weight, we did not find any difference in mortality between PAxx and PIxx, possibly because those who changed their level of physical activity already had attenuated risk. This is also supported by lower mortality among PIPI men losing weight than weight loss among men failing to maintain physically active (PAPI), although this was not observed among women (Table 4) . This suggests that it is important to take changes in physical activity into account in weight loss studies.
Can physical activity counterbalance the risk associated with weight loss? Interestingly, weight loss was associated with excess mortality among initially physically active, regardless of whether they remained physically active or became inactive (Table 3) . The initially physically active may have benefited from the favourable effects of physical activity before the weight loss and may have a favourable body composition and fat distribution. Weight loss in this group may therefore constitute a relatively large loss of the beneficial lean mass and peripheral subcutaneous fat, which may have led to the excess mortality.
Compared with weight-stable initially physically inactive (PIxx-WS), attained physical activity during weight loss (PIPA-WL) seemed to eliminate the excess mortality associated with weight loss among PIxx when compared with PIxx-WS (Table 3 ). However, continued activity during weight loss (PAPA-WL) seemed to attenuate but not eliminate the excess mortality associated with weight loss among PAxx, both compared with weight-stable initially physically active (Table 3) . Thus, weight loss in combination with physical activity may involve a favourable composition or distribution of the lost body tissue. Several studies have shown that training-induced weight loss is associated with a more favourable composition of lost tissue (fat compared with lean body mass), resulting in a more favourable lower ratio of body fat to lean body mass, as muscle mass is kept or even elevated. [20] [21] [22] In addition, loss of fat mass in different regions of the body may have different health implications, 19 as abdominal fat, and especially visceral fat, is associated with increased risk of cardiovascular morbidity and mortality. Therefore, loss of abdominal fat may reduce the risk of cardiovascular morbidity and mortality, whereas fat on the lower body or in the peripheral sub cutis may have favourable effects on cardiovascular risk factors, and loss of such tissues may increase the risk of cardiovascular morbidity and mortality. [52] [53] [54] [55] [56] A few studies have reported a preferential loss of unhealthy visceral fat after physical activity, but the results from previous literature are inconsistent. [23] [24] [25] [26] [27] Data on change in fat distribution were not available and thus this could not be examined in this study.
Is the mortality associated with weight loss different according to physical activity? Attained level of leisure time physical activity modified the association between weight loss and mortality among initially physically active men, but not women, and there may be a modifying tendency among initially physically inactive men and women (Table 5 ). This mortality lowering effect among PAPA men and PIPA men and women who lost weight seemed more than expected from physical activity alone, which could indicate an antagonistic effect of being physically active on the hazardous effect of weight loss. For the initially physically active the same pattern was present 10 years after the weight loss, but for the initially physically inactive weight loss did not seem to influence survival 10 years after (Table 5) . Further, initial physical activity seemed to be important for mortality among men who remained weight stable, whereas attained physical activity seemed to Weight loss, physical activity and mortality JN +stergaard et al be important for mortality among women who remained weight stable (Table 5) .
Strengths and limitations
Although the size of the study population, the prospective population-based design, the nearly complete long-term follow-up and the repeated collection of detailed information on lifestyle and anthropometric measures strengthen this study, the accuracy of the registers, lack of information about possible causes of weight loss that may induce confounding and misclassification are potential limitations. Abdominal obesity, assessed by waist-to-hip ratio or waist circumference for given BMI, has been found to be a better predictor of death than BMI alone, as it captures the harmful abdominal fat. 54, 57, 58 However, our data from [1976] [1977] [1978] and 1981-1983 did not include measures of waist and hip circumferences. In addition, we did not have information on either age of obesity onset, duration of obesity, type of lost tissue, whether the weight loss was intended or not and whether it was maintained or not. Separate analyses were performed for men and women and we adjusted for age, smoking, weekly alcohol intake, education and marital status, but confounding may still be possible, especially as this cohort has no information on dietary intake. The preventive effect of physical activity could also be due to a healthier dietary intake, or interactions between diet and physical activity. We adjusted for changes in smoking habits between the two examinations, but adjustment for daily smoking habits did not account for duration of smoking. However, additional adjustment for pack years did not alter the association substantially (data not shown).
The study population was age stratified with the majority being middle aged. Only 1% was o29 years of age and 25% of the sample was o47 years of age. Hence, our results cannot necessarily be generalized to young people.
Preclinical or diagnosed disease might influence body weight and level of physical activity, either biologically or as a stimulant to improve health. If this has caused lifestyle changes regarding physical activity or diet, this could bias our results. However, we excluded individuals with preexisting diagnosed ischaemic heart disease, stroke, diabetes or cancer before 1981-1983. In addition, when deaths that occurred during the first 5 years of follow-up were excluded, the results were essentially similar (results not shown).
We dichotomized the initial and attained level of physical activity and categorized the change in physical activity and weight loss to perform the analyses of the combined effects, which have resulted in loss of information. The numbers in some of the combined groups of change in physical activity and weight change among initially physically inactive were low because of the relatively low number of initially physically inactive. However, we were still able to show that physical activity modified the association between weight loss and mortality, at least among physically active men. Furthermore, level of physical activity obtained through a questionnaire could be subject to misclassification and is likely to have weakened the associations observed. However, the used measure of leisure time physical activity has been shown to be a strong predictor for cardiovascular disease and mortality and has been validated relating to maximal oxygen uptake, showing a concurrent increase in the level of leisure time activity and in maximal oxygen uptake. 59, 60 It is likely that some of the participants grouped as physically inactive were active during work. However, further adjustment for physical activity at work did not alter the association essentially, making this possibility less likely (results not shown).
In this study, 70% of the originally invited cohort participated in 1981-1983. A decision not to participate has been shown associated with overweight and may be associated with physical inactivity. 61 Thus, the results of this study cannot necessarily be generalized to groups with extreme overweight. This is probably not a problem with physical activity, as 18% of the population reported that they were physically inactive in 1976-1978 and 17% reported that they were inactive in 1981-1983. However, we may have captured the healthiest of the physically inactive. Finally, our participants were Caucasians and confirmation in other ethnic groups is warranted.
Conclusion
In summary, weight loss seemed hazardous to survival among overweight or obese subjects. However, weight loss seemed less hazardous to survival among those who remained or became physically active when compared with those who became or remained physically inactive. Among initially physically inactive, becoming physically active was associated with a lowering of excess mortality associated with weight loss, whereas the excess mortality associated with weight loss was attenuated but not counterbalanced among initially physically active who remained physically active while losing weight. Worldwide, millions of overweight and obese people are trying to lose weight. Therefore, further research is needed to confirm whether physical activity can prevent the excess mortality associated with weight loss among overweight or obese subjects.
